A general method for the synthesis of 1,3,5-trisubstituted 1,2,4-triazoles has been developed from reaction of amidrazones with ethyl azodicarboxylate and triethylamine (Mitsunobu reagent) in EtOH. This highly regioselective one-pot process provides rapid access to highly diverse triazoles. The reaction was explained, based on Mitsunobu reagent oxidizing ethanol to acetaldehyde, which would then react with amidrazones to give the substituted 3-methyltriazoles. A [2 + 3] cycloaddition reaction between two oxidized forms of amidrazones produced the second type of triazoles. X-ray structure analyses proved the structure of each type of product.
Introduction
Triazoles can easily bind with a variety of enzymes and receptors in biological systems via diverse non-covalent interactions [1] . Therefore, triazoles display widespread biological activities. Hence, many triazole derivatives serve as medicinal drugs [2] . Triazoles also have antifungal activities [3] . More specifically, compounds having the 1,2,4-triazole moiety have shown various biological activities, such as antimicrobial [4] , antitubercular [5] , anticancer [6] , anticonvulsant [7] , hypoglycemic [8] , anti-inflammatory and analgesic activities [9] . The Mitsunobu reaction is the dehydrative coupling of a primary or secondary alcohol (occasionally, tertiary alcohols have been used) to a pronucleophile (NuH), which is mediated by the reaction between a dialkyl azodicarboxylate and a trialkyl-or triarylphosphine [10, 11] . Aly et al. [12] [13] [14] reported on the syntheses of various heterocycles such as pyrazoles, 1,2,4-triazoles [15] [16] [17] , tetrazoles [18] , 2,5,6-triphenylpyrimidin-4(3H)-ones [19] , triazines [20] , indazoles and naphthotriazines [21] , naphtho[2,3-f ]-1,2,4-triazepines [22] , and cyclopenta[e] [1, 3, 4] -oxadiazepines [23] , from the reaction of amidrazones with π -deficient compounds. In this paper, we undertook to investigate the mechanism of the effect of Mitsunobu reagent on amidrazones 1a-f, hoping to obtain heterocyclic compounds that might have biological and/or pharmaceutical applications.
Results and discussion
Refluxing equimolar amounts of N 1 -arylamidrazones 1a-f with diethyl azodicarboxylate (2) in dry EtOH, catalyzed by a few drops of triethylamine, led to the formation of 4-aryl-5-methyl-3-phenyl-1,2,4-triazoles 3a-f in 68-75% yields and 4-aryl-3,5-diphenyl-1,2,4-triazoles 4a-f in 13-20% yields, together with traces of diethyl hydrazine-1,2-dicarboxylate (5) (Scheme 1). The products were separated by preparative TLC; compounds 4 tended to co-elute with additional 5, which was removed by recrystallization. To confirm the structures of all the obtained products, elemental analyses, IR, NMR ( 1 H, 13 C, 2D NMR, 15 N) and mass spectra were performed; these and elemental analyses were in good agreement with the assigned structures. We chose different substituted amidrazones 1a-f having aryl groups with electron donating and withdrawing substituents on the benzene ring, in order to examine their reactivity. Elemental analyses and mass spectra of compounds 3a-f clearly their formulae to correspond to amidrazones 1a-f plus one C(CH 3 ) group. The triazole skeleton in compounds 3a-f showed absorption bands in the IR spectra at ν 1640-1610 and 1540-1520 cm −1 from C=N and C=C groups, respectively (see the experimental section). To illustrate the NMR assignments of 3a-f (for numbering, see Fig. 1 ): in the 1 H spectra of 3c (Table 1) , the 3H singlet must be H-3a, while its attached carbon appears at δ C 10.8. H-3a gives HMBC correlation with a carbon at δ C 152.1, assigned as C-3, and with both visible nitrogen signals; the sp 2 nitrogen (δ N 310.1) is assigned as N-2, and the nitrogen farther upfield (δ N 177.5) is assigned as N-4. N-4 also gives HMBC correlation with the downfield aromatic protons. Of these, the broad singlet at δ H 7.68 is assigned as H-2 , and the "triplet" at δ H 7.56 is assigned as H-5 ; the attached carbons appear at δ C 127.6 (C-2 ) and 131.4 (C-5 ). The broad doublet at δ H 7.63 is assigned as H-4 , because it lacks HMBC correlation with N-1, and the signal at δ H 7.42-7.34 gives such correlation; therefore H-6 is assigned as being in that signal. H-4 gives HSQC correlation with its attached carbon at δ C 129.7; H-4 , H-5 , and H-6 give HMBC correlation with the carbons at δ C 136.0 and 133.9, assigned on chemical-shift grounds as C-3 and C-1 in that order. The protons at δ H 7.42-7.34 give HSQC correlation with short 13 C lines at δ C 129.5 and 126.6, assigned as C-p and C-6 , and with tall lines at δ C 128.5 and 128.0, assigned as C-o and C-m. The remaining non-protonated carbons at δ C 152.9 and 127.0 are assigned, on chemicalshift grounds, as C-5 and C-i, respectively. The remaining nitrogen, N-1, is four bonds from the nearest protons and is not observed. Most indicative in 3e was the appearance of two methyl carbon signals in the 13 C NMR at δ 10.1 for CH 3 -C-5 and at δ 17.1 for the 2,6-dimethyl carbon signals. The structure of 3f was confirmed by X-ray structure analysis (Fig. 2) . The reaction presumably begins like the Mitsunobu reaction, in which the Lewis base first attacks the N=N bond of 2 to form zwitterion 6. Abstraction of a proton from amidrazone 1 would lead to the formation of salt 7, which would lose a molecule of Et 3 N to form the stable salt 8. We suggest that salt 8 would be stabilized due to the formation of five-member rings as shown in Scheme 2. The salt 8 would then dissociate into the isolated compound 5 and hydrazine-enamine 9 (Scheme 2). Repeating the former process in presence of a molecule of Et 3 N, the reaction would form salt 10. Elimination of triethylamine and a nitrogen molecule from 10 would give the expected imine compound 11 and reproduce the starting material 2 (Scheme 2). Since it is well known that azomethine imines undergo 1,3-dipolar cycloaddition reactions with various alkenes [24] , mechanistically, compound 4 would be formed via [2+3] cycloaddition reaction between 10 and 11 to give intermediate 12 (Scheme 2). Elimination of substituted anilines from 12 would give 4 (Scheme 2). Oxidation of ethanol by 2 was previously known to give acetaldehyde [25] together with compound 5 (Scheme 2). Thus, the reaction between compound 1 and acetaldehyde would occur in situ to give 3 via intermediate 13, accompanied by elimination of water. The mechanism is supported by isolation of 5, indicating oxidation by 2 (Scheme 2).
The reaction was supported on the basis that Mitsunobu reaction is a versatile and widely used method for the dehydrative coupling of an alcohol with an acid/pronucleophile by using a combination of an oxidizing azo reagent, most commonly diethyl azodicarboxylate (DEAD), and a Lewis base such as triphenylphosphine (TPP), under mild and virtually neutral reaction conditions [26] . Moreover, this reaction yielded besides the desired coupled product, a hydrazide such as diethyl hydrazinedicarboxylate (DEAD-H 2 ) from DEAD as by-products [26] .
Dehydrogenations by diethyl azodicarboxylate have been described. To explore the course of the reaction in the absence of ethanol, we carried out reactions between 1a-f with 2 in toluene and we successfully obtained compounds 4a-f in 75-85% yields, together with 5 (2%) and arylamines (5%) (Scheme 1). The structures of compounds 4a-f were established on the basis of mass, IR, 1 H NMR and 13 C NMR Table 2 ). The most distinctive proton signal of 4e is the methyl singlet at δ H 1.85, assigned as H-2a ; its attached carbon appears at δ C 17.3. H-2a gives HMBC correlation with two non-protonated carbons at δ C 135.2 and 133.0. The upfield of these also gives HMBC correlation with the 2H doublet at δ H 7.28; since the doublet is assigned as H-3 , the carbon at δ C 133.0 is assigned as C-1 . Therefore, the carbon at δ C 135.2 must be C-2 ; it gives HMBC correlation with the 3H signal at δ H 7.43, which thus must contain H-4 . On chemical-shift grounds, the carbon at δ C 153.1 is assigned as C-3; it gives HMBC correlation with the 8H signal at δ H 7.36, which thus must contain H-o. The two tall 13 C lines at δ C 128.8 and 127.0 give HSQC correlation with the signal at δ H 7.36 and are assigned as C-m and C-o in that order, partly on differences in correlation (which are not definitive) but partly also on chemical-shift grounds. The proton signal at δ H 7.43 is not a clean triplet and requires two more H, so it must also contain H-p. The structure of 4e ( Fig. 1) was ultimately confirmed by X-ray structure analysis as shown in Fig. 3 .
Factors affect the reactivity of Mitsunobu reaction

Type of alcohols
Cao and Grée reported that the combination of diethyl azodicarboxylate (DEAD) and a catalytic amount of ZnBr 2 is an efficient system for the dehydrogenation of 1°, 2°and 3°-alcohols to the corresponding carbonyl compounds [27] .
Electronic effect of substitution on reaction reactivity
In our present investigation, it is interesting to mention that the presence of electron-withdrawing groups in aryl amidrazones such chlorine atom increased the yields of either products 3 or 4. Moreover p-substituted of aryl amidrazones relatively increased the yields of the products compared with its m-aryl substituents. The o-substituted electron donating decreased the yield percentages of the products as compared with the p-aryl substituents, which might be attributed due to the presence of steric effect.
Effect of solvents on Mitsunobu reaction
It was previously reported that Mitsunobu reaction preferred polar solvents compared to other ones [28] .
Effect of basicity on Mitsunobu reaction
It was reported that the high efficiency of Mitsunobu reaction is increased when the pKa of the mediator like disubstituted azodicarboxylate/Lewis acids (e.g. Ph 3 P or as here Et 3 N) would be between 11 and 12 [28] [29] [30] [31] [32] [33] .
Conclusion
As previously mentioned that alcohols could be oxidized into their corresponding aldehydes and ketones by azodicarboxylate in presence of catalysts that easily abstracts hydrogen proton [26] , we encourage to do more work and repeating the reaction of amidrazones with alcohols under the aforementioned condition of azodicarboxylate in presence of triethylamine, so as to obtain various new derivatives of 3-substituted 1,2,4-triazoles.
Experimental
Melting points were determined using open glass capillaries on a Gallenkamp melting point apparatus (Weiss-Gallenkamp, Loughborough, UK) and are uncorrected. The IR spectra were recorded from potassium bromide disks with a FT device, Minia University; NMR spectra were measured on a Bruker AV-400 spectrometer (400 MHz for 1 H, 100 MHz for 13 
Starting materials
Amidrazones 1a-f were prepared according to [34] .
Reactions of amidrazones 1a-f with diethyl azodicarboxylate (2) in EtOH/Et 3 N
A mixture of amidrazones 1a-f (1 mmol) and 2 (0.348 g, 2 mmol) in 50 mL of absolute ethanol and 0.5 mL of Et 3 N was refluxed for 10-15 h. The reaction was followed up by TLC analysis. The mixture was then concentrated on vacuum, and the resulting solid was separated by preparative TLC using toluene: ethyl acetate (2:1). The fastest migrating zone was separated as compounds 4a-f, which was followed by 3a-f; the slowest migrating zone was identified as compound 5. The formed product was then recrystallized from stated solvents. 48 (d, J = 8.5, 2H; H-2 ), 7.37 (m, 5H; H-o, m, p) , 2.25 (s, 3H; CH 3 ). 13 Chlorophenyl)-3-methyl-5-phenyl-4H-1,2,4 
4-(3 -
Reactions of amidrazones 1a-f with diethyl azodicarboxylate (2) in toluene/Et 3 N
On applying the aforementioned procedure, a mixture of amidrazones 1a-f (1 mmol) and 2 (0.348 g, 2 mmol) in 30 mL of dry toluene and 0.5 mL of Et 3 N was refluxed for 10-15 h. The reaction was followed up by TLC analysis. The mixture was then concentrated on vacuum, and the resulting solid was applied on plates chromatography using toluene: ethyl acetate (2:1). The fastest migrating zone was separated as compounds 4a-f, which followed by compound 5 then followed by arylamines. The formed product was then recrystallized from stated solvents as shown before. The arylamines were identified by comparison their TLC with authentic samples.
Crystal structure determinations of 3f and 4e
The single-crystal X-ray diffraction studies were carried out on a Bruker D8 Venture diffractometer with Photon 100 detector at 123(2) K using Cu-Kα radiation (λ 1.54178 Å). Dual space methods (SHELXT) [39] were used for structure solution, and refinement was carried out using SHELXL-2014 (full-matrix least-squares on F 2 ) [40] Hydrogen atoms were localized by difference electron density determination and refined using a riding model (H(O) free). Semi-empirical absorption corrections were applied. For 4e an extinction correction was applied. CCDC 1837197 (3f) and 1837196 (4e) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_reque st/cif.
